The active species of "CO2" and the amount of fractionation of stable carbon isotopes have been determined for a partielly purified preparation of phosphoenolpyruvate (PEP) carboxylase (EC 4.1.1.31) from corn (Zea mays) leaves. The rates of the enzyme reactions, using substrte amounts of HCO3-, CO2 or CO2 plus carbonic anhydrse,
respectively, which further suggest the preferential utilization of HCO3-by PEP carboxylase. The amount of fractionation of stable carbon isotopes by PEP carboxylase from an infnite pool of H'2C03-and H13C03-was -2.03 %o. This enzyme fractionation (A), together with the fractionation associated with absorption of CO2 into plant cells and the equilibrium fractionation associated with atmospheric CO2 and dissolved HCO3-are discussed in rehtion to the fractionation of stable carbon isotopes of atmospheric CO2 during photosynthesis in C4 plants.
Whelan et al. (23) have shown that a preparation of PEP2 carboxylase from sorghum leaves fractionates stable carbon isotopes of HCO3-by -2.7 %o. Calculations show that the enzyme fractionation (A) is +5.4 %o relative to the CO2 pool of carbon. Both CO2 and HCO3-have been proposed as the active species of "CO2" for PEP carboxylase (2, 4, 13, 20) . A A CO2 of +5.4 %o will not account for the observed fractionation between atmospheric CO2 and metabolic intermediates of C4 plants (22) . The active species of "CO2" of PEP carboxylase has to be known in order to determine the importance of A in the fractionation of stable carbon isotopes during C4 photosynthesis. In this paper, we report data on the active species of "C02" utilized by PEP carboxylase and the amount of in vitro fractionation of stable carbon isotopes by this enzyme.
MATERIALS AND METHODS Plants. Corn (Fig. 1) .
Protein Determination. Protein was determined by the 280:260 method (10) , and the method of Lowry (12) .
Active Species Determinations. A spectrophotometric modification of the method of Cooper (3) was used to determine the active "CO2" species for corn PEP carboxylase. Cooper's method is based on the rate of hydration of CO2 by the following reaction: H20 + CO2 = H2CO3 = HCO3-+ H+ The above reaction requires more than 60 sec to reach equilibrium at 10 C when the initial reactants are CO2 and H20 (9) . Addition of carbonic anhydrase brings about a rapid equilibrium of CO2 hydration. Figure 2 shows the estimated theoretical formation of oxaloacetate in a spectrophotometric assay of PEP carboxylase if the active species is CO2 or HCO3-at 10 C (3). The rates of these theoretical curves apply to all carboxylation reactions. Our reactions were carried out at 10 C in an Acta III Beckman recording spectrophotometer equipped with a circulating H20 bath surrounding the cuvettes. The reaction mixture contained in ,umol: 100, tris (pH 7.5); 10, MgCl2; 0.25, NADH; 10, tricyclohexylammonium salt of PEP; 250 units of Sigma pig heart malic dehydrogenase; 10, KHCO3 or CO2 with or without CA, 0.85 mg purified corn PEP carboxylase, and C02-free H20 to 3 ml. The reactions were run under N2. All reagents were C02-free and stored under N2. The reactions were initiated by the addition of CO2 or HCO3-. CO2 was generated by mixing stoichiometric amounts of HCI and KHCO3. A (7).
RESULTS
The PEP carboxylase obtained from the DEAE columns was used to determine the active speciesof "CO2." The PEP carboxylase eluted from the column with 200 mm phosphate buffer had a specific activity of 102.2 ,ugmol malate produced/mg protein min. The reaction rates of PEP carboxylase are shown in Figure 3 . The initial velocity with HCO3-is 10 times the rate with CO2. The initial velocity in the presence of CO2 plus CA was greater than CO2 alone. This latter rate was not as great as the theoretical rate (Fig. 2) if HCO3-is the active species. The data in Figures 2 and 3 indicate that HCO3-is the active species of "CO2" for the PEP carboxylase from corn leaves. Determinations of Km values for CO2 or HCO3-were done with C02-free reagents, C02-free H20, and identical reaction conditions to the active species experiments. Figure 4 shows the Lineweaver-Burk double reciprocal plots of the velocity curves of PEP carboxylase in the presence of increasing amounts of CO2 or HCO3-. The Km for HCO3-was 0.11 mm and the Km for CO2 was 1.25 mm.
This suggests that the affinity of PEP carboxylase for HCO3-is 10 times the affinity of the enzyme for CO2. These data agree with the above active species data and show that HCO3-is the active species of "CO2" for PEP carboxylase. (17) . Malate isolated from C4 plants has a 813C value of -9.0 %. (22) .
A fractionation of -2 %. has occurred between atmospheric CO2 and the fixed carbon compounds in the leaves. Possible mecha- (1, 6, 15, 16) . This isotope effect between atmospheric CO2 and dissolved HCO3-in Ba(OH)2, NaOH, and leaf cytoplasm has been measured by Baertschi (1), Craig (6) , and Park and Epstein (15, 16 ). The 8 3C value for dissolved HCO3-in leaf cytoplasm is -9 to -14 %O (15) . In dissolving CO2 into leaf cytoplasm, it is possible that exchange between dissolved HCO3-and atmospheric CO2 can occur, resulting in an enrichment in 13C in the dissolved HCO3-. Deuser and Degens (8) and Wendt (21) have established a 813C value of approximately 0 %. for dissolved HCO3-in equilibrium with atmosphere CO2. The 8'3C value of dissolved HCO3-in leaf cytoplasm can therefore range between 0 to 14 %o depending on how rapidly CO2 is fixed into malate. In steady-state photosynthetic CO2 fixation in C4 plants (with little equilibration of HCO3-and atmosphere C02), the 8'3C value of dissolved HCO3-is probably close to -9 to -14 %. which is the measured value of Park and Epstein (15) .
The steps involved in the fractionation of stable carbon isotopes of atmospheric CO2 during CO2 fixation in C4 plants are seen in Figure 5 . There is a -2 to -7 %. fractionation associated with the absorption of atmospheric CO2 and conversion to HCO3-in the cell cytoplasm. The dissolved HCO3-would have a 813C value between -9 to -14 %o. A A HCO3-of -2.03 %. by PEP carboxylase would give malate with a 813C value of -11 to -16 %o. These values are within the range of 813C values of C4 plants (17) .
